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To systematically evaluate the ballistic resistance of 2024-T4
and 7075-T6 almiuin alloy plates when subjected to mall ara pro-
jectile firings.

SinWR

kluiinum alloys 2o24-TJ and 7075-T6,, in 1/8, 1/i, 1/2, 3/4, 1,
and 1 112 inch thicknesses were tested for ballistic resistance to
penetration and spalling at plate obliquities of o, 30, 45, 55, 60,
65, 70, and 80 degrees. Caliber.50 AP 2, 20 m AP 9W5, and 20 m
AP T33 projeetileL were used in this investigation,

For armor purposes, the 2024-T4 alloy is generally sumpericr to
the 7075-T6 alloy A th respect to ballistic protectiom, ad spaUs
considerably less. For defeating alinimm alloys of these types,
the 20 me AP T33 projectile is generally superior to the 20 m AP
M95 proj ectie.

S* AL�THCRIZATION

-om Sub RKD 0RMB 2-1064, 22 December 1953.
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fir=UCTION

In the future it is quite likely that aluminum alloys will be
used instead of steel for armor purposes on various types of lightly
armored military vehicles. It is known that soe uluinma alloys
exposed at intermndiate and high obliquities provide better ballistic
protection against explded shell frapats and small caliber projec-
tiW firings than steel aruor of equivalent we.ight.

bsutts of this work are reviewed in Hofire* 1... Balistic
amd mechm•i:E~ltests(rondunted at this arse)alf and at Case Insti-
trte of Technology, respectively. have shown that resistance to
pemetration for 1/2 inch thick plate is linearly proportional to
hardness, regardless of alloy composition, toughness, ductility, or
any other mechaical property evaluated, up to approximately 120 Bhn.
In hardavss ranges exceeding 120 Bhn, the ballistic limit-hardness
relatioL was no longer only linear, bvt became dependent upon toughness
also.

Substitution of aliminium alloys which afford the sue ballistic
protection as steel v uld also provide a considerable weight saving.
This is a very important factor in air-borne vehicle consiaerations.

The frontal armor of most military vehicles is exposed at ob-
liquities of attack greater than 45 degrees. Military aircraft is
constructed mainly of al-minam alloys and, in combea, is also exposed
at very high obliquity conditions of impact. In the past other mili-
tary installatimns have investigated the ballistic resistance of dif-
ferent ulu•ainu alloys for various target cooditions wich did not
include very high oblitpities. This program, therefore, was plumed
and conducted to systematically investigate the majority of potential
targets (armored and aircraft) which might be subjected to small cal- i
iber projectile firings. It inclided thicknesses varying frc 1/18 to
1 1/2 inches, and obliquities ranging frce 0 to 80 degrees.

MATUIALS AND METO1M

Plate

Cinercial alloys 2024-T4 and 7075-T6, in thicknesses of 1/8, 1/4,
1/2, 3A, I, and 1 1/2 inches, were used in this investigation. These
alloys were chosen because they were considered to offer more resistance

*See attached RZnIRES
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to projectile penetration than some of the ciher commercially
available ones. Furthermore, some ballistik ( ita already existed
for these alloys. (Some of the ballistic and mechanical properties
of alloys 2024-T4 and 7075-T6 are discussed in Reference 1.) Ob;

Projectiles

Caliber .50 AP M2, 20 = AP M95, azd 20 mm AP T33 projectiles
9ere used in these tests. The first two types are standard rounds;

the third type is a scale model of the 90 m AP T33 shot. The
latter round was chosen since extensive tests against steel armor
have been made at the 20 m scale at this arsenal and, at Watertown
Krsenal, at the caliber .4O scale.

RSULTS AND DISCUSSION

ThP test conditions and a summary of the ballistic results
are presented in Table I. The data are presented graphicall3 in
Figures 1 through 5. In order to compare alloy resistance to pene-
tration of projectiles of two different weights and diameters, the
epcific limit energy,* ratler than the ball estic limit, was used
in tbhese performance graphs. In Fi4gures 1, 2, and 3 the proteetion
balllstie limit (PBL)** is also indicated at the right side of the
graph. Since data for projmctiles of different weights are plott'*I
In Fipes 4 and 5, no scale for the PBL is given.

*The specific limit energy is the kinetic energy of the projectile
divided by the cube of its dimeter, or

WVL2

"where

V = weight of the projectile in pounis
VL= t- lit velocity of the plate in feet per second
d = diameter of the projectile in inchss.

A protection-complete penetration is obtained whenever a fragment
or fraqents of either the impacting projectile or the plate are
ejected from the rear of the plate uith sufficient eney to per-
forate a thin, mild steel plate (aboat 0.020 in.) or equivalent
screen placed parallel to ard approrimately six inches rearward of
the plate.
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Table I. Sumuary of Ballistic Results for
2024--T4 and 7075-T6 klvminm Alloys

Obli ity Protection Ballistic Limits (fps)
. ()e,,oetile Alloy 1/Es in. 0/ 4 ins In, 3/W in. 1 in, 1 1/2 ing

0 T33
2 -T4- - - 1123 1670
7075-T6 .... 1030 1420

2024-T4 - - - 1310 1680
707,T6 ..... 970 1510

M12
2024-T4 - 1365 1670 2030
7075.-T6 - 1260 1695 2075

30 T33
2024-T4 1- - 390 19o5
7075T6 - - 1285 1875M95
2024-T4 - - - 55 20
7075-T6 11- -5 3965

M2
202T4 - - 1350 1660 2225
7075-T6 - - 1420 1820 2385

45 T33
2024,-T4 - - - 1500 1860 2360
7075-T6 - - 1390 1795 2460115
2024-T14 - - 1510 1950 2475
7075-T6 - - 1410 1935 2535

M2
2024.-.T4 - - 1505 1735' 2285 308,0
7075-.T6 - 1535 2160 2530 3OO

55 T33
2021.-T4 - - - 2990
7075,-.T6 - - . 3%40

M95
2024-T4 - - - 3010

?7075o-T6 - - _ - 3255
112

2024-44 - - 1815 2460 3005 4050
7075.,T6 - - 2030 2680 3400 >419o
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Table 1. Suvmry of Ballistic Results for
2o24-Tl and 7075-T6 Aluminm• Alloys (Conti d)

Ob sityProtection Ballistic Limits (fps)
0b4~~tyProjectile A12 1/4S in* ; /2 In* 31 In1 in, 1 W j

60 T33
2024-T4 -4- I50 1960 2730 3555
70 (5-T6 1125 1760 2400 3510

M95
2o214-T4 - 1550 MS 2140 3465
707546 - - 3230 1720 2325 .3400

M2
2024-T4' 1000 1475 2230 2945 3620 -
7075-'6 895 1330 2220 2900 3750 -

65 T33
202?4 -T4 - - 1660 2260 .3090 -
7075-T6 1120 1930 2720 -

M95
202o4-T - - 1 1945 2600 -
7075,T6 - - 1380 1885 2580

70 T33
2024-T14 - 1905 2745 3580 -
7075-T6 - 1375 2220 30M5 -

2024•T14- - 1955 2200 28140
7075-T6 1455 2405 3175

M2
2024-T4 1130 1825 3150 - - -

7075-T6 1090 1715 2870 - -

80 M2
" 2024.-T4 1575 2710 o4200 - "

1u-1o 11430 2650 -4450

2024-T4 aWd 7075.-T6 Alloys
To

20 M AP M95 Projectiles

Figure 1 shows the behavior of the AP M95 projectiles as a
fumction of obliquity for various plate thickaesses. For the majority
of conditions, the 2024-T4 plate is somewhat superior to the 7075-T6
plate in defeating the M95 shot. Against thin plate, i. e., 1/2 inch,
this ouperiority is as much as 500 fps, or 62 pmw cent, on an energy
basis. The exceptions are mostly for thick plate at high obliquity,
ruch as l-1xch plate at 60* and 70e obliquities.

CONFIDENTIAL
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2024-T4 and 7075-T6 Alloys
Vs

20 mm AP T33 Proiectiles

As shown in Figure 2, the 2024-T4 plate is superior to the
7075-6 plate for stopping the T33 shot under all conditions of
attack inwestigated, except for 1 i/2-inch plate at J4% and 5!5
obliquities. Under these conditionzv the two plates are approxi-
aately equivalent. The superiority of the 2024-T4 alloy is greater
for the thin plates. Against the 1/2-inch plate at 60 obliquity,
120 per cent more energy and an additional 50 f4p jk-r required to
defeat the 2024-T4 plate than the 7075-T6 plate. For +he under-
atchiua* targets, the 7075-T6 plate spalls considerably, and com-

plete penetrations often occur without the projectia perforating
the plate. This As discussed more completely in the section en-
titled 'Spallirg.

2024-T4 and 7075-T6 Alloys
vs

Caliber .50 AP X2 Projectiles

A ainat the caliber .50 AP H2 projectiles (Figure 3), the
2024-TE alloy is superior if the plate Is undermatching; the 7075-T6
alloy is supeinor af the plate is overmatching.** For aatching'"
targets the 7T-Y-T6 rle is superior at obliquities less than 60e;
the 2024-T4 it. wapet I- f,- obliquities greater than 60.

20 us AP M95 and 20 =m A'1- T33 Projectiles

2024."T4 k,.Aoy

For the majority of target conditions investigated) the T33
projectile is more effective than the M95 projectile in defeating
2024-1T plate (Figure 4). However, fcr intermediate plate thick-
nesses it high obliquity, the M95 is considerably superior (50 per
cent on an energy basis for i-nch plate at 600 obliquity).

*Vndermatching plate - thickness is less than projectile diameter.
"Overmatching plate - thikness is greater than projectile diameter.
**Matching plate - thickness is erial to projectile dimeter.

CONFIDENTIA.
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20 mm AP M95 and 20 m AP T33 Projectiles
vs

7075-T6 Alloy

Under all conditions of attack the AP T33 projectile is equal
or superior to the 20 m AP X95 projectile in defeating 7075-T6alloy
(Figure 5)v Against one target of I-.inh plate at 69 obliquity, the
M95 projectile required about one per cent less limit energy than the
T33, but this is not significant. The M95 projectile requires as wmoh
as 65 per cent more limit energy to defeat 1/2-inch plate at 65e obliq-
uity than is needed by the T33 projectile.

Spalli

Figures 6 to I, incl,, are photographs of the front and back
surfaces of 1/2 and 1 1/2 inch thick 202T-TJ and 7075-T6 al=minum alloy
plates after bein subjected to 20 m projectile firing. In Figure 6
(A and B), rounds 1 to 4 are 20 = AP T33 projectile iacts and rounds
5 to U are 20 n A? 05 projectile impacts, all at 60 obliqutty. In
Figure 7 (A and B), rounds 1 to 6 are 20 A ?P T33 projeotilo bpaeots
ond rounds 7 to 12 are 20 m AP W5 projectile impacts. It awl/be
noted that the projectile impacts oa the front surfaces of the 2024-T4
and 707"-T6 plates are similar in aLppearance. Kovever, the rear our
froes shm considarable spalling for Vie 7075-T6 alloy, while the 2024-T4
plate shohs practically no spallg. Figure 7B shows spallin for rounds
3, 5, 8, and 9, even though the projectiles only partially penetraed the
plate.

Vigore 8B and 9B show that 7075-T6 alloy spalls considerably more
on the rear than 2024-T4 alloy for 1 1/2 inch thicknesses. Rounds 1 +o
5 on igure 8 (A and B) and rounds 1 to 7 on igure 9 (A and B) repre-
sent 20 mm AP T33 projectile impacts at 60* obliquity.

Fiu•res 10 (A and B) ad 11 (A and B) show caliber .50 AP M2 pro-.
Jectill., impacts on 1/4 inch thick 2024•.-T amid 707e-T6 %auff plates set
at 8 0 e obliquity. It ma be noted in Figure 10B that very little ma-
terial is ejected from the rear of the 2024-T4 plate even thog rathe
large projectile holes were produced withouth going throW& (note
rouds 2 and 4 of Figure lO). In contrast, the 7075-46plate, •hioh
had a similar ballistic limit, 2650 fps (Tible I), spalled consid-rably
more (Figure 11I).

6
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CONCLUSIONS

1. The 2024-T4 aluminu alloy is generally superior to the
7075-T6 alloy with respect to ballistic protection, and spalls con-
A1dorably loes.

2. On the vhole, the 20 = AP T33 projectile is superior to
the 20 m AP X95 projectile for defeating alunimm alloy plates of
these two types.

7
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Neg. #34213
R-1395

A

B

FLgum 6. 20 p proJoctile impacts on 1/2 ianh 2024-Ti slmnmm alloy plate

A - Front surface B - Rear murfaoe

(Rounds 1 to 4 (AP T33) and rounud 5 to 11 (AP M95) at 600 obliquity;
rounds 12 to Ib (AP T33) and rounds 16 to 19 (LA M9b) at 700 obliquity)
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Cw'FFTh
Neg. $M414

R-39

ftgwe. 7, 20 uM projectile impacts on 1/2 inch 7075.T6 alumiinum alloy plate

A -Front suitfaCe B - Rear surface

(Rounds 1 to 6 (AP T33) and r--unds 7 to 1;2 (AP LIQ,,) att 600 obliquity)

15
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Sg. "5415
1-1595

f1~az 8. 20 a pojJectlle imapacts on 1 1/2 inh 2024-T4 aluinuma alloy plate

A - Font surfaoo 7 - leer murfse

(bunds 1 to 5 (AP T5•) at 60" obliquity; rounds 6,'!, v, 9g and 18 (AP T33)
end 10 to 17 (AP M95) at 010 obliqulty)

16
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R-1395

Cj,

Fig-ar~ 9. 20 uvn AP 7-53 noject1i.e Impacts on 1 1/P, inct 7076-T,6
aluinInum alloy plate at 60, obliquity

A - Front nv-rtacm 11 - Rear surface

i?

CONFIDENITIAL



CONFIDENTIAL

a

40

ii '4

"r4

00

111

r-4

W4

OM



CGNFIDENTEA ,"

0.

'43a

0-4

0

< co 4..Y

40

""1 q•4L

19*



CONFIDENTIAL

DISTRIBUTION LIST

Chief of Ordnance 1 - Commending General
Department Army Aberdeen Proving Grouni
Washington 25, D. C. Maryland
Attns tORVB Attnz Ball les Lab

1 - Director 1 - Attns DOPS, Armor Branch
Ordnance Vaterials Research Office
Watertown Arsenal 1 - Attnt Tech Info Br, Bldg 313
Watertown 72, Mass.
Attn, PS&C Div 1 - Commanding Geaeral

Ordnance Aanwition Comand
1 - Commanding Officer U. S. Army

Lake City Arsenal Joliet, fllinois
Independence, Missouri Attn: Materials Ing

1 - Cormmnding General 1 - Coi-ider
Picatinny Arsenal Ordnanee-Tenk Automotive Command
Dover, New Jersey Detroit Arsenal
Attng Tech (roup Center pine, Michigan

Attnt R & D Div
1 - Commding Officer

Redstone Arsenal 1 - Attns o0DU 11.60
Huntsville, Alabama
Attn: 2 & D Group 2 - Comander

Ordnance Weapon Command
1 - Cowmanding Officer Rock Island Arsenal

Rock Island Arsenal Rock Island, Illino•s
Rock Island, Illinois Attn: ORDOW-TI
Attnt Laboratory

1 -Chief
1 - Commanding Officer Bureau of Ordnance

- Springfield Armory Navy Department
Springfield 1, Mass. Washington 25, D. G.
Attns Eng Dept

1- Chief.
1 - Commanding Officer Bureau of Aoremutios

Watertown Arsenal Navy Department
Watertown 72, Mass. Washington 25, D. C.
Attnt WAL

Chief
1 - Commander Bureau of Ships

Army Ballisti•s Missile Agency Navy Department
Redstone Arsenal Washiqgton 25, D. C.
Huntsville, Alabama Attn: Code 343

20

CONFIDENTIAIk



CONFIDENTIAL

1 - Director
Naval Resear•h Liboratoriee
WasnJngton 25, D, C.

1 - Commander
Naval Ordnance Labo-itorles
Silvpr Spring 19 Naryland

1 - Coraandant
U. S. Naval Proving Ground
Dah.'Rren, Virglnia
Attn: reroulna' Ballistirs Lab

1 Cowanding General
Wright Air Developmert Center
Wright-Plitterson Air ?or-e Base
Da•ton, Ohio
Attns •terials Laboratory

1 - Headquarters
Air Research and Development Command
P. C. Box 1395

Baltimore 3, Maryiaui
Attn.- RYTDPA

I- Commanding Lff cer
Diamond Ordr~an,- rAze Lablxr'itori-s
Washington 25, D. C.
Attn. Technical "ferernce Se,-tion

ORrPTL X 3.3

5 - Armed Services Teennlcai IrJormation Agency
Dvcuent Service Cener
Knott Buili -ng
3,ayton 2, OhiA
Attn., TIf7SCP-L

(Code ?T

CONFIDENTIAL


